Chronic heart failure (CHF) is a leading cause of death worldwide. A long noncoding RNA (lncRNA) named urothelial carcinoma associated 1 (UCA1) is important in multiple diseases. However, the role of UCA1 in CHF is still unknown. Our study investigated whether UCA1 could be applied as an ideal marker to diagnose and evaluate prognosis in CHF.
Background
Heart failure (HF), a terminal stage of multiple heart diseases, is a leading cause of death all over the world. It is estimated that HF contributed to 1 out of 9 deaths in the United States during 2009, and approximately 284 000 people died of HF in United States in 2013 [1] . Most people diagnosed with HF die within 5 years [1] . It is estimated that chronic heart failure (CHF) treatment costs about 35 billion US dollars or 2% of the total UK national budget, and is an extremely heavy economic burden on the whole society [2, 3] . Currently, about 20 million people worldwide have HF. The morbidity of HF is predicted to sharply increase in the next few decades due to various risk factors such as hypertension, hypercholesterolemia, and diabetes mellitus. Traditional markers like brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic peptide (NT-proBNP) are widely applied to diagnose or exclude HF, and they are ideal markers to predict prognosis of HF. However, these 2 markers are also significantly increased in other conditions, such as kidney failure and hepatic cirrhosis [4, 5] . Although left ventricle ejection fraction (LVEF) is often used to evaluate cardiac function in HF patients, many may have normal LVEFs. Thus, there is an urgent need to discover novel markers for HF.
Long noncoding RNAs (lncRNAs) are a class of RNAs seldom encoding proteins. They participate in many biological and pathological processes. A lncRNA called urothelial carcinoma-associated 1 (UCA1) has generated great interest because it is abundantly expressed in the heart and plays critical roles in many diseases [6] . UCA1 is highly expressed in human bladder cancer, and exerts a role in regulating cancer cell proliferation [7] . It can promote migration and invasion of tumor cells in prostate cancer, gastric cancer, lung cancer, and hepatocellular carcinoma [8] [9] [10] [11] . Recent research indicates that circulating UCA1 can be used as a biomarker for myocardial infarction, suggesting that UCA1 can be detected in the plasma [12] . However, the relationship between UCA1 and CHF is largely unknown. The purpose of this study was to determine plasma levels of UCA1 in CHF patients and controls to determine whether UCA1 can be applied as an ideal marker for CHF.
Material and Methods

Study design and population recruitment
In this study, we recruited 67 CHF patients and 67 age-and sex-matched controls without CHF from our hospital. Before experiments, every participant was informed and required to sign informed consent. Diagnosis of CHF was made according to the criteria listed in the 2013 ACCF/AHA Guideline for the Management of Heart Failure and the 2016 ESC Guidelines for the Diagnosis and Treatment of Acute and Chronic Heart Failure [13, 14] . HF was characterized by typical clinical symptoms, such as breathlessness, fatigue, and ankle swelling, and may be accompanied by clinical signs like elevated jugular venous pressure, peripheral edema, and pulmonary crackles, which are caused by a structural and/or functional cardiac abnormality, leading to reduced cardiac output and/or elevated intracardiac pressures at rest or during stress. Patients were clinically stable and ranged from class II to IV according to NYHA class. Each of them had received optical and fixed therapeutic treatment. Included patients had a left ventricular ejection fraction (LVEF) less than 40%. BNP levels of CHF were more than 35 pg/ml. Participants were excluded if they had: (i) severe infection; (ii) surgery within 1 year; (iii) cancers; (iv) liver or renal failure; (v) cerebral vascular events in 6 months; or (vi) heart assist devices. Controls were defined as the population without CHF and none of the diseases mentioned above. Our study was approved by our hospital Ethics Committee and all procedures conformed to the Declaration of Helsinki.
Endpoints
The primary endpoint was death related to cardiac diseases, including cardiac death, or death associated with heart failure, cardiac infarction, severe arrhythmia, hypertension, stroke, or cardiac rupture. No patient dropped out during the 1-year follow-up.
Plasma isolation
About 5 ml of fresh fasting blood was drawn intravenously into ethylene diamine tetra-acetic acid (EDTA)-anticoagulant tubes. The whole blood was centrifuged at 3000 rpm at 4°C for 10 min. Plasma was separated and placed into nucleasefree Eppendorf tubes.
RNA extraction and quantitative real-time polymerase chain reaction (qRT-PCR)
RNA from plasma was extracted by miRNeasy Serum/Plasma Kit (Qiagen, German) according to the manufacturer's recommendation. The total RNA was eluted in 10 ul of pre-heated nuclease-free water. The quality and quantity were determined using a NanoDrop 2000 spectrophotometer (Thermo Scientific, USA). RNA was immediately reverse-transcribed into cDNA. Reverse transcription (RT) and qRT-PCR were performed by use of the GoScript™ Reverse Transcription System (Promega, USA) and GoTaq ® qPCR Master Mix (Promega, USA) following the manufacturer's protocols in order to determine the quantity of UCA1 expression in the plasma. RT reactions were performed with a total volume of 20 ul with random primers. RT procedures were: 25°C for 5 min, 42°C for 1 h, 72°C for 15 min, followed by storage at 4°C. During the qRT-PCR, 1 ul of cDNA was added and blended with 10 ul of SYBR Green I dye Premix (Promega, USA), 1 ul of specific forward and reverse primers (10uM), and 8 ul of nuclease-free water, with a following procedure: 95°C for 2 min, 40 cycles of 95°C for 15 s, and 60°C for 30 s, followed by 55°C for 30 min. The relative expression of UCA1 in different groups was calculated by 2-DCt method. U6 was obtained as an internal control [12] . Values of Ct over 40 were considered to be negative. Forward primer of UCA1 was: ACGCTAACTGGCACCTTGTT, reverse primer of was UCA1: TGGGGATTACTGGGGTAGGG. Forward primer of was U6: GCTTCGGCAGCACATATACTAAAAT, and reverse primer of U6 was: CGCTTCACGAATTTGCGTGTCAT.
Statistical analysis
Data are presented as means ±SD. Statistical analysis was performed using SPSS 22 and GraphPad 6. The independent samples t test was used to analyze differences in quantitative parameters between 2 groups. Welch's correction was used if SD was not equal. Pearson correlation was obtained to analyze correlations between each quantitative parameter. Receiver operating characteristic curves (ROC) and the area under ROC curves (AUC) were used to evaluate prognostic power of UCA1 and BNP for CHF. Thresholds of these markers in ROC curves were demonstrated by maximums of Youden indexes (Youden index=specificity+sensitivity-1). Sensitivities and specificities to responding maximum Youden indexes were listed to indicate the best diagnostic power. In addition, Kaplan-Meier survival curves were used to evaluate survival rates of CHF and controls after 1-year observation. The median concentration of UCA1 and BNP was used to divide the CHF and controls into highand low-concentration groups. P value less than 0.05 was considered to be a statistically significant difference.
Results
The baseline of clinical parameters in the whole participants
In this study, 67 CHF patients and 67 matched controls were enrolled to test relative UCA1 concentration in the plasma. Their basic information is listed in Table 1 . We found that there was no significant difference in age, sex, body mass index (BMI), total cholesterol (TC), total triglyceride (TG), lowdensity lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), uric acid (UA), alcohol and cigarette consumption, or proportions of diabetes mellitus and hypertension between these 2 groups (P>0.05). However, BNP and LVEF were significantly different in the CHF group compared with those in controls (P<0.05). Values were presented as mean ±SD. P<0.05 was considered to be statistically significant. *** P<0.001. There was no significant difference between these two groups except levels of BNP and LVEF. BMI -body mass index; BNP -brain natriuretic peptide; CHF -chronic heart failure; HDL-C -high density lipoprotein cholesterol; LDL-C -low density lipoprotein cholesterol; LVEF -left ventricle ejection fraction; TC -total cholesterol; UA -uric acid.
Relative expression of UCA1 was higher in CHF compared with controls
Plasma UCA1 in the CHF group was much higher than in controls (P<0.05) (Figure 1 ). Thus, we speculated that UCA1 plays important roles in CHF, or it could be synthesized and released into circulation when cardiomyocytes are damaged, killed, or stretched by the accumulated volume of blood during CHF.
Correlations between UCA1, BNP, and LVEF
UCA1 and BNP were positively correlated, with a correlation coefficient r of 0.6119 (P<0.0001) (Figure 2A ). Plasma UCA1 was negatively correlated with LVEF, with a correlation coefficient r of -0.3061 (P=0.0003) ( Figure 2B ). Moreover, BNP and LVEF were negatively correlated with each other, with a correlation coefficient r of -0.6830 (P<0.0001) ( Figure 2C ).
ROC curves of UCA1 and BNP to diagnose CHF
ROC analysis illustrated that the AUC of UCA1 was 0.89, and the sensitivity and specificity of UCA1 to diagnose CHF were 100% [95% CI (0. 
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Survival rates of CHF patients and controls by determination of circulating UCA1
We discovered that survival rates of CHF patients and controls were 88.06% and 98.507%, respectively (P=0.0154) ( Figure 4A ). However, survival rate of high UCA1 in CHF patients was 84.615% compared with the low UCA1 group in CHF with a survival rate of 97.143% (P=0.011) ( Figure 4B ), suggesting that a high concentration of circulating UCA1 is associated with poor prognosis in CHF patients. In addition, although UCA1 had a similar survival tendency with BNP, there was no significant difference between these 2 markers in predicting prognosis in CHF patients (P=0.2779) ( Figure 4C ).
Discussion
Heart failure (HF) is one of the most severe diseases, leading to death all over the world. Currently, there are 20 million people suffering from HF globally. A 2015 study demonstrated that the 5-year survival rate of HF patients in China is approximately 34%, which is much lower than that of many cancers, such as breast cancer, bladder cancer, prostate cancer, colon and rectum cancer, and cervical cancer, with 5-year survival rates of 73.1%, 67.3%, 53.8%, 47.2%, and 45.4%, respectively [15] . UCA1 is a critical lncRNA, first discovered in bladder cancer. It plays important roles in multiple biological processes. Accumulating evidence suggests that UCA1 is elevated in many cancers. Overexpression of UCA1 leads to cell proliferation, and depletion of UCA1 suppresses the growth and aggressiveness of tumor cells [16] [17] [18] [19] . It is reported that UCA1 is abundantly expressed in the heart, suggesting UCA1 might play roles in maintaining heart functions [6] . A study in 2015 indicated that UCA1 in the plasma can be a good biomarker for acute myocardial infarction [12] . However, UCA1 has never been investigated in HF patients before.
In this study, UCA1 was found to be significantly elevated in the plasma from CHF patients but not in controls, indicating that UCA1 must play important roles in CHF. UCA1 is notably decreased in cardiomyocytes from rats with ischemia reperfusion injury due to the inducement of hypoxia and hydrogen peroxide. Moreover, UCA1 inhibits the expression of p27 and plays an anti-apoptosis role in cardiomyocytes [20] . Myocardial apoptosis is considered to be the most essential process taking place in HF [21] . Thus, we presumed that UCA1 might exert its role of anti-apoptosis in CHF. Correlation analysis illustrated that UCA1 was positively correlated with BNP and negatively associated with LVEF, suggesting that a high level of UCA1 is closely associated with poor heart function. Our study found that the diagnostic power of UCA1 for CHF was strong. Although it was not superior to the traditional HF marker BNP, high plasma UCA1 highly suggests a poor prognosis for CHF patients, which was similarly observed in patients with cancers in previous studies [22, 23] . However, there was no significant difference in prediction of prognosis of CHF between UCA1 and BNP, although they had similar survival tendencies. The results demonstrated that UCA1 might be used as an ideal biomarker to predict the outcome of CHF.
Our study has some limitations. Firstly, our sample size was small and our conclusions need further validation in larger populations. Secondly, although UCA1 had a high sensitivity and specificity to diagnose CHF, many cancers, like bladder and prostate cancer, could also elevate UCA1 expression. Thus, when UCA1 was used as a diagnostic marker for CHF, 
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other related diseases must be excluded. Additionally, qRT-PCR is the quickest and most convenient method to detect the concentration of UCA1, but this technology is time-consuming; therefore, there is a great need for new time-saving technologies, such as microarrays and probes for lncRNA detection. Lastly, the underlying mechanisms of UCA1 in CHF were not fully explored in our study. Since the functions of UCA1 in HF are still largely unknown, we plan to further investigate the roles of UCA1 related with CHF in cardiomyocytes and HF mouse models.
